Bilateral brachial plexus blocks and regional anesthesia in trauma patients are rarely performed due to potential complications when using these techniques. We illustrate a case in which bilateral infraclavicular nerve blocks were placed as part of a multimodal approach to pain management in a trauma patient. We discuss potential hazards, important considerations, and rationale for attempting this procedure. Ultimately, performing bilateral brachial plexus nerve blocks in trauma patients is a viable option when choosing pain management techniques.
Introduction
In spite of the recent advances in regional anesthesia, there are still concerns for systemic toxicity when performing blocks at multiple sites [1] . Particularly, bilateral brachial plexus blocks are not often performed because of the increased concern for technique-related complications, and few clinical scenarios warrant their use [2] . The field of trauma is one arena where performing bilateral procedures may be clinically indicated [3] . The trauma situation, however, may raise other concerns for regional anesthesia and, therefore, its utility is often overlooked. We present a case where multimodal analgesia including bilateral infraclavicular nerve blocks was integral to the anesthetic management of a patient with multisystem trauma.
Case Report
We report the case of a 36-year-old woman who was admitted to the emergency department after sustaining multiple injuries from a three story fall.
The initial trauma work up showed bilateral maxillary fractures, left frontal subarachnoid hemorrhage (SAH), pneumocephalus, and multiple injuries to her extremities. The extremity injuries included: minimally displaced right acetabular fracture, right medial femoral epicondyle impaction fracture, left displaced open radius and ulna fracture, carpal separation, left carpal fracture and elbow dislocation, bilateral open knee, right ulnar fracture, and right toe dislocation. Notably, there were no intra-tho-racic or intra-abdominal injuries.
After stabilization in the intensive care unit (ICU), the patient was brought to the operating room. General anesthesia with multiple large bore intravenous access and intracranial pressure (ICP) monitoring were employed to manage the patient while the orthopedic team completed an incision and drainage of the bilateral lower extremities, closed reduction of the left upper extremity, and pinning of the right wrist. At this point, ICP monitors registered a rise from 15 mm Hg to 30 mm Hg. The patient's ICP responded to mannitol and dexamethasone and the orthopedic injuries were temporized. No further orthopedic procedures were attempted at this time; and an urgent computerized axial tomography scan of her head ruled out an expanding pneumocephalus or SAH. The patient was allowed to stabilize overnight in the ICU; she remained intubated and sedated in anticipation of returning to the operating the following day.
The patient needed to return to the operating room for simultaneous bilateral reduction and fixation of her upper extremity fractures. Collaborating teams felt that pain and sympathetic stimulation were factors that contributed to the sudden rise in ICP [4] . Ultrasound guided bilateral continuous infraclavicular nerve blocks were planned for pain control and sympathetic stimulation management.
The possibility of regional anesthesia was discussed with the patient's family because the patient was intubated and sedated medications. Although the patient was sedated, she was still able to follow commands and a neurologic exam of her upper extremities revealed bilat-eral ulnar deficits, the left worse than the right, and the findings were documented prior to the start of the procedures.
The patient was medicated with 2 mg midazolam and 50 ug fentanyl. The block anatomy was not obscured by the cervical collar or the subclavian line and both sides were prepared with Betadine and draped with sterile towels. The relevant anatomy was identified on a Sonosite M-Turbo ultrasound machine (Sonosite, Bothell, WA) using a 5-to 10-MHz curvilinear probe (Sonosite, Bothell, WA). The posterior, medial, and lateral cords were imaged (Figure 1) and a 4-inch, 18-guage Touhy needle (BBraun, Bethlehem, PA) which was inserted using an in-plane approach until the tip of the needle was adjacent to the cords and 2 ml of local anesthetic was injected to confirm the location. The block was performed with 20 ml of ropivicaine 0.5% with epinephrine 1:200,000. The local anesthetic was injected slowly and aspirations was performed after every 5 ml. A 20-guage Perifix catheter (BBraun, Bethlehem, PA) was threaded and the location confirmed by injecting 2 ml of air through the catheter (Figure 2) . The procedure was then repeated on the opposite side using the same technique. A continuous infusion of ropivicaine 0.2% was started at 4 ml/h on each side.
After this procedure, the patient returned to the operating room to undergo definitive upper extremity repair. With the benefit of the continuous infraclavicular nerve blocks, the patient required only minimal sedation as delivered by low dose propofol 75 mcg/kg/m and fentanyl 2 mcg/kg/h infusions unchanged from the ICU settings. The patient tolerated the seven hour procedure and did not experience another increase in ICP intraoperatively.
The patient continued to have excellent pain control post-operatively and required minimal fentanyl and versed for sedation while undergoing a magnetic resonance imaging scan later that night. The patient required no medications beyond the local anesthetic infusions, the sedation was tapered off, and the patient was extubated the next day in the ICU. One additional non-sedating medication the patient received was intravenous acetaminophen as part of her multimodal pain regimen. The catheters were evaluated daily for 7 days and provided excellent pain relief as her mental status and neurologic deficits gradually improved. Upon removal, the catheters were intact, the site was non-tender and non-erythematic, and no complications were noted. The patient continued to do well and was discharged to the Acute Rehab Unit on postoperative day eleven.
Discussion
Bilateral brachial plexus blocks are rarely performed be-cause few clinical situations necessitate bilateral procedures. There are also increased concerns for local anesthetic toxicity, phrenic nerve paralysis, and pneumothroax with bilateral blocks. The trauma patient may offer a scenario where simultaneous bilateral procedures may be clinically indicated. But pain management and regional anesthesia is often difficult in the setting of traumatic injuries. There are often limitations on analgesic options in the prehospital setting, and even when the patient arrives in the emergency department, pain is often undertreated [5, 6] . Although pain management has been shown to reduce morbidity and improve long-term outcomes in trauma patients, there is fear that addressing the pain may mask the physical or neurologic exams [7] . 
Figure 2. Catheter location is confirmed with injection of 2 ml of air (arrows).
In the trauma setting, physicians are concerned that regional anesthesia may mask neurologic deficits and compartment syndrome. A recent review article by Mar et al. concluded that there is no evidence that regional anesthesia delays the diagnosis of compartment syndrome in patients who are adequately monitored [8] . In fact, decreasing the amount of narcotics and other sedating medications was significant because it eliminated variables and allowed the teams to more clearly evaluate the patient's mental status.
In dealing with existing neurologic deficits, it is important to inform the patient of the risk of neurological complications and document the pre-block neurologic exam in the patient chart. Additional efforts to help reduce neurologic complications are to avoid paresthesia techniques while placing the block, careful patient positioning during the surgical procedure, and avoiding constrictive dressings and casts postoperatively [9] . We adhered to all of these neurologic safety precautions in our patient. The American Society of Regional Anesthesia and Pain Medicine (ASRA) Practice Advisory stated that they can neither confirm nor refute increased adverse effects with regional anesthesia in patients with pre-existing neurologic deficits, and that if an increased risk is present, it is likely of minimal magnitude. Also patients may develop new deficits independent of anesthetic choice [10] .
The incidence of seizures from local anesthetic toxicity after a peripheral nerve block is approximately 0.01% to 0.2% and the number is still decreasing [3] . In the past with nerve stimulator techniques, large doses of longacting local anesthetics were administered as a single bolus and the volume was an important determinant of the success of brachial plexus block. Recently, however, ultrasound-guided techniques allow for local anesthetic to be administered more accurately with lower doses of the initial medication bolus [1] . The maximum recommended dose of local anesthetic depends on the type of local anesthetic used, the site of local anesthetic injection, and patient-related factors (age, organ dysfunction, and pregnancy) that may alter the pharmacokinetics of the local anesthetic. We used 20 ml of Ropivacaine 0.5% on each side which calculates to a total of 200 mg of Ropivacaine. This is much lower than the 300 mg of Ropivacaine officially recommended as the maximum dose for brachial plexus blocks [11] . Continuous nerve catheters allow for titration of the doses and helps extends the duration of the block. The bilateral blocks were an adjuvant and not the sole technique, thus a lower infusion rate was possible.
The incidence of phrenic nerve block is reduced with ultrasound guidance and lower doses of local anesthetic. In the past, bilateral interscalene blocks were contraindicated because total paresis of the diaphragm could result in respiratory insufficiency [12] . The incidence of phrenic nerve block is lower in supraclavicular blocks and there have been successful bilateral infraclavicular blocks without phrenic nerve block or deterioration of respiretory function [3] .
The incidence of reported pneumothroax with brachial plexus blocks has decreased because when placing the infraclavicular block under ultrasound guidance, the lung field may be visualized, avoiding puncture. In a retrospective analysis of over one thousand patients who received an infraclavicular block under ultrasound guidance, Sandu et al. reported no cases of nerve injury, pneumothorax, or local anesthetic toxicity [13] .
In conclusion, advances in ultrasound guidance and continuous nerve catheter techniques have helped reduce the complications associated with bilateral brachial plexus blocks. Bilateral infraclavicular nerve blocks may play a crucial role for pain management in the trauma setting when simultaneous bilateral procedures are necessary.
